CTRONICS 


DAY INTERNATIONAL 


{ 
O° 70142 fae 150 | 


ATHUy 
e Se 

“y 

o> ¥ _ c + 
fom wa 

. o 

# fe 

A é 

’ 
| Veyyse | 
NEXUS 


Vol 26 Issue: 10 12 September 1997 £2.50 
USA $4.95 


Volume 26 No.10 


Features 
Projects 
Next Issue 10th October 1997 


Regulars 


News 
ETI PCB Service 
PCB foils 


Practically Speaking 
Terry Balbirnie goes into light emitting diodes 


Round the Corner 


Win One of 5 Powerful Computer Circuit 8 
Modelling Packages! 


Answer three SPICE questions and you are in with a chance of one of our B2 SPICE 
prizes from RD Research. Start here with simulation! 


Electrostatics in Electronics 13 
How safe is your MOS chip? The attraction between oppositely charged particles in 
disparate materials has been a source of wonders, inventions and disasters. John 

Linsley Hood explains what really happens. 


PiC-driven IQ Tester 19 
Scientists have shown that there is a correlation between ability to concentrate and 

the intelligence measured by IQ. Bart Trepak’s PIC program and IQ tester gives you 

a chance to try it out. 


Higher Education Special (Part 3) 29 
In the last part of our education round-up: Diplomas in Hull, day release in 
Huddersfield and study, American-style, in London, 


Valve Characteristic Tester (Part 2) 35 
Peter Kenyon’s continues and concludes his design for a portable Valve Characteristic 
Tester with all the constructional details, component layouts and parts list, including 

the PCB Service. 


Speed Control in DC Motors (Part 2) 47 
In the second and final part, David Ponting extends his search for a constant drive to 

his DC motor under varying loads, to find a variety of standard running speeds for his 

reel to reel tape recorder. 


Win one of 5 Software Packages! 57 
RD Research and ETI bring you an exclusive competition to win a selection of RD 
Research's latest SPICE Software for electronic circuits. 


Mock Alarm Flasher 57 
If you don’t want to leave your Pink Floyd CDs on your dashboard, you could consider 
this handy flashing-LED car-alarm tookalike by Terry Balbirnie. It's cheap, too. 


Spiced Circuits (Part 4): Going Digital 64 
Part 4 of Owen Bishop's series using SPICE-based software to discover circuit 

simulation continues this month with the introduction to digital circuits. Now to consign 

the resistors and op amps to the spares box and get out the logic ics! 


Ham Radio Today 71 


All the best for Radio Amateurs 


SUBSCRIPTIONS 
& BACK ISSUES HOTLINES: 


01858 435344 


ORDERS: 
ENQUIRES: 


ELECTRONICS 


TODAY INTERNATIONAL 


ecard attached to the front cover with your next order, to 
qualify for a 10% reduction on the price of your PCB. 

Beta LAYOUT Ltd; based in Ennis Co, Clare has 
established in the British Isle’s first PCB pooling service. The 
aim is to offer customers a cost effective solution to their 
prototyping needs. Due to the high cost of set-up tooling and 
photo-plotting, buying one board can work out almost as 
expensive as buying 5, 10 or even more, depending on the 
size of the PCB. 

WHAT IS THE PCB-POOL®? We all know the problem. 
Many new designs flounder due to high prototype costs. This 
is not necessary. Beta LAYOUT has come up with the answer. 
“THE PCB-POOL®”, A pooling principal which allows 
designers to share the costs. 


OFTEL and BT Internet 
progress for schools 


OFTEL has started a consultation period, involving the 
telecommunications industry and schools, on BT's proposals to 
wire up schools to on-line services including the Internet as soon 
as possible. The proposals were submitted in May, The OFTEL 
Director General, Donald Cruikshank, stated that OFTEL's 
approach would provide schools with access to the Internet at 
predictable and affordable prices, and allow them the choice of 
nternet Service Provider. 

The cable industry launched its own proposed package for 
connecting schools to the Internet in January. OFTEL expects to 
make a statement on its conclusions in September or soon 
afterwards. 

President of the Board of Trade Margaret Beckett said, 
“Realising the Government's commitment to wire up schools to 
advanced on-line services as quickly as possible is an objective in 
which everyone has a common interest. We must ensure that 
children have access to such services so that their future 
employability is increased. The plan to have agreement in the 
coming academic year is testimony to the commitment that all the 
interested parties have in achieving the Government's objective.” 

David Plunkett, Secretary of State for Education and 
Employment, said, “In our White Paper, Excellence for Schools, we 
reaffirmed our commitment to create a National Grid for Learning, 
an unprecedented Internet-based educational resource. | welcome 
both today's proposals, and the spirit of partnership in which they 
are made, as an integral step to achieving this.” The Secretary of 
State was referring to the Government's election manifesto 
promise that “We have agreed with BT and the cable companies 
that they will wire up schools, libraries, colleges and hospitals to 
the information superhighway free of charge. We have also 
secured agreement to make access charges as low as possible.” 


opather on a rmulti-panel Tho high setaip. costs charged t 


the manufacturer to cover machine costs are shared by all 
participating PCB-POOL partners. So now each designer 
gets.a super price, For example, the price of one Eurocard 
fncluding tooling, photoplot and VAT is only £49. 

EXPRESS SERVICE Beta LAYOUT have a fast turnaround 
service in 5 and 7 working days. The standard delivery time is | 
15 working days. 

This new way of ordering has proved itself in Germany 
where over 2000 customers use the PCB-POOL for their 
prototypes. Beta LAYOUT relies on well known PCB suppliers | 
all over Europe, resulting in top quality, industry standard, 
Printed Circuit Boards. So why not give it a try, the next time 
you need a low cost prototype. And save a lot of money! 

The Hot line for technical questions is: 00353 (65) 66500. 
For more Info call 00353 (65) 66500. Fax: 66514, 


SPICE at a lower price 


RD Research's new low-cost B2 Spice Lite at £49.95 plus VAT 

is based on the widely-used professional 

| B2 Spice V2, Spice Lite enables electronics 

designers to build and test circuits on their 
computers using industry-standard Spice 
software. The new B2 Spice Lite is aimed 
at people who wish to use electronics CAD 
for circuit simulation, but do not need 
some of the more advanced analysis 
features found in more expensive software. 

B2 Spice Lite is available in PC or Mac formats and 
features drag-and-drop components which can be connected 
to each other. The circuit built up on the screen can then be 
tested, measured or analysed in a number of ways. 

Paul Williamson of RD Research says, “We want to provide 
industry standard design software that everyone with a 
computer and an interest in electronics will use. Making it 
affordable is the important first step. With B2 Spice Lite we 
have made that first step easy and, as with all our software, it 
is offered on a full 30-day trial period.” 

The minimum system requirements are a 386 PC (486 
recommended) with 8MB ram or a full specification Mac. It is 
compatible with Windows 95NT or Windows 3.1 with 8MB of 
ram. 

For further information contact RD Research Research 
House, Norwich Road, Eastgate, Norwich NR10 4HA. Tel. 
01603 872331 email rd.research@paston.co.uk Web site: 
www.paston.co.uk/spice 
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Power from Poultry goes for Prizes! 


Paul Apps, a Chartered Engineer with London-based firm 
Fibrowatt Ltd., has reached the National Fina! of the 1997 


Environment Award for Engineers through his work to generate 
electricity from poultry litter. 

About 2 million tonnes of poultry litter is produced annually by 
the UK poultry industry. As readers with a general scientific 
background will have deduced, it is bacterially active nitrogenous 
waste rich in ammonia - and it is difficult to dispose of. 


Undisposed manure rots, releasing carbon dioxide and methane 
~ ever more socially unacceptable as greenhouse gases - attracts 
vermin and runs the risk of contaminating watercourses. 

As a result of the project, there are now two power stations, 
Firbropower in Suffolk and Fibrogen in North Lincolnshire, turning 
poultry litter waste into electricity. Although the use of animal 
waste as a power source (including the use of methane- 
generating poultry waste to power automobiles) has been an 
area of investigation for decades, these power stations are the 
first of their kind in the world. Each burns 150 kilotonnes of 
poultry litter a year to power a steam-driven generator producing 


£3.5 million in grants for 
electronics projects 


Fifteen innovative IT (information technology) and electronics 
projects have won grants totalling up to £3.5M under the 
Government's Sector Challenge, announced recently by Margaret 
Beckett, President of the Board of Trade. 

The projects were designed by nationally representative trade 
associations and other business, research and training 
organisations to improve efficiency and competitiveness in their 
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13 megawatts. The electricity is passed into local networks, 

One station provides power for about 12,000 homes. Dry ash 
residue from the process is sold as a slow-release phosphate- 
rich fertiliser. As a readily renewable source, using poultry waste 
helps to reduce the use of non-renewable fossil fuels. Sales are 
being developed in Italy, other Continental countries and Japan 
under licence. 

Organised annually by the Engineering Council, the 
Environment Award for Engineers is sponsored by British 
Aerospace, BP, CIBSE, Lloyd’s Register and the IEE. The top 
prize is £5,000 to the winning engineer, who will also receive the 
Lloyd’s Register Trophy. Other finalists are David Martin of 
Lighting Electronics Ltd. for work on the development of 
electronic starters for fluorescent lamps, lan Coutts of ABB 
Power Generation Ltd. as project manager of South Humber 
Bank Power Station, and Stefan Croft-Bednarski , Raymond 
Daniels and Simon Harbord for work on the successful removal 
and disposal of four Viking A offshore gas platforms from the UK 
sector of the North Sea. 


sectors. The grants will support projects worth £9.7M. 

Winners within the IT and electronics sector include the 
Federation of the Electronics Industry with a grant of £130,000 to 
extend overseas marketing opportunities for small and medium 
sized firms; £500,000 to the Science Research Foundation to 
support a £2.6M European Microelectronics Design Centre and a 
further £33.750 to the Federation of the Electronics Industry for the 
Top Technician in Industrial Electronics Contest 1998. 

The 186 winning projects were selected from a field of over 600 
bids, and will be over three years, subject to a contract worked out 
with the Government. 


ered to your door every month 


erested in electronics we can help you 


anborne Road Potters Bar Herts EN6 3JE 


ELECTRONICS TODAY INTERNATIONAL 


ELECTRONICS 


TODAY INTERNATIONAL 


Dolby Surround 
Sound demo 
board 


Medianix have produced a reference design 

and demonstration board, based on their 

MED25006 Virtual Dolby Surround 
processor ic. The EB25006-3 board enables digital audio 
developers to implement realistic 3D sound in systems that can 
deliver 3D sound from two ordinary stereo speakers for 
applications such as video games, PCs, television and stereo 
sound systems. This is seen as particularly useful in systems 
where building in more than two speakers would raise the price 
or increase the size of the system uneconomically. 

The MED25006 has been fully tested and certified by Dolby 
Laboratories. 

The demonstration board will be used as a reference design 
for original equipment manufacturers and software developers 
to test and design new applications. With the addition of an 
amplMer, speakers and the audld source, the board provides a 
complete 3D surround sound audio system. It is designed to 
plug-and-play, and does not require a PC interface or any digital 
signal processing (DSP} programming for implementation. 

The board demonstrates the capability of the MED25006, an 
all-digital implementation of Virtual Dolby Surround which uses 
proprietary 24-bit DSP technology to process two-channel audio 
digitally into two-channel 3D surround sound (the effect of front 
and rear speaker pairs using only two actual speakers). The ic 
includes on-chip digital Dolby ProLogic decoding for surround 
sound systems originating with four channels plus a sub-woofer 
audio output, and Dolby’s virtualising algorithms. It is capable of 


Electronic 


The RM303 is a DIN rail-mounting electronic 

meter. Traditional electro-mechanical kWh meters 

more familiar in most applications. The RM303 Is a sing 
function meter with standard current transformer inputs 
(CTs) allowing connection to loads of a few ( 
hundreds of megawatts. In the event of power failure'to 
the meter, readings are stored for a minimum of 25 ‘years. 
The meter has an optional pulse output suitable for 
Building Energy Management Systems, and can be 
combined with the manufacturer’s Abacus). 
meter/datalogger to provide a low-cost compuliriped 
energy management system. 


™) Tel. 01274 729533. 


operating in fully digital Dolby Pro-Logic mode, Doiby 3 Stereo 
mode (with left, right and centre channels) and Virtual Dolby 
Surround mode, with mono to stereo synthesis. The chip also 
contains “sweet spot” adjustment to compensate for the 
placement of speakers relative to the listener. 

For more information contact Medianix Semiconductor Inc., 
100 View Street, Suite 101, Mountain View, California 94041, USA, 


Mitsubishi Dolby Sound 
Processor 


Mitsubishi's M62460FP sound processor 
provides a single-chip route into Dolby 
ProLogic Surround Sound features, 
including centre and surround sound 
channel trimming for five-speaker 
systems from television to cinema 
applications, including satellite receivers. 

The analogue processor*licensed by Dolby Laboratories, has 
a Dolby Pro-Logic decoder, on-board memory and the I2C bus 
for cable television (CTV) applications. With a microcontroller 
interface, the chip provides Disco, Hall and Live modes and five 
delay time positions for digital space surround effects, as well as 
echo (Karaoke) effect with either 147.5ms short echo or 196.6ms 
long echo. Some people regard Karaoke as a mixed blessing, 
but the ones actually doing it always seem to have a lovely time. 

The M62460FP is a BICMOS solution designed to give 
improved sound performance compared to CMOS solutions. and 
provide a higher-quality linear alternative to digital and mixed 
analogue/digital solutions. The on-board memory means space- 
saving and assembly advantages over two-chip solutions with 
external memory arrangements. 

For more information contact Mitsubishi Electric Europe BV, 
Semiconductor Division, Travellers Lane, Hatfield, Herts AL10 
8XB. Tel 01797 276100 Fax 01707 278837. 


NJM2178 audio processor 


An audio processor from Young-ECC regenerates 3D sound 
on two or more speakers from any audio source to provide 
a surround sound effect, restoring sound that is normally 
masked in stereo. The enhanced sound image from a 
stereo source, and the centre sound image, can be 
controlled separately. The NJM2178 SRS an audio 
processor has a wide operating 
power supply voltage from 4.7V 
to13V and requires a supply of 10 
mA typically. The dynamic range is 
greater than 110dB and output 
noise typically less than -90dB. 

For more information contact 
Young-EGC Electronics, Knaves 
Beech Industrial Estate, 
Loudwater, Bucks HP10 9QY. 
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wo thousand six hundred years ago, in 590 BC or 
thereabouts, a Greek philosophical physicist called 
Thales, of Miletos - a once-thriving Greek city on the 
western coast of Turkey - is said to have made the 
observation that amber, when rubbed vigorously with 
a dry cloth, acquired a new quality, in that it was able to attract; 
from a distance, small objects such.as feathers or pieces of cork. 
In so doing, he gave a name to the branch of engineering which 
we'pursue, in that “elektron” is the Greek word for amber. 

Since the effects of electrostatic charges are such an important 
aspect of contemporary electronics technology, both usefully and 
destructively, it seems a curious paradox that the subject of 
Electrostatics tends now to be regarded as a rather exotic stucly, 
and is seldom touched on in science courses, except as a 
somewhat specialised postgraduate topic. At the end of the last 
century, when such effects weren't really useful for anything very 
much, the: phenomena of static electrification were thought to be 
‘an important:part of the study of physical sciences. 

.. Admittedly, inthe 1890s, there weren't so many ‘other 
interesting things to study in Physics,.and the orders of voltage 
that could be generated by Wimshurst machines, .or-stored.in 
Leyden jars, were capable of some quite spectacular effects, to 
‘yalvanise - if one might use the term - the most torpid of students. 
’.’ Mly personal interest in this topic arises from the fact that 
although | am, by preference, an electronics engineer, | spent 
many years as a research physicist in the plastics films 
“Manufacturing industry, a field in which one needed to be familiar 


‘{o avoid the major problems, and discomforts, it could cause. 
Having, as it were, a foot in both camps, | often wish that.an.  * 
“understanding of these phenomena could be more widely:spread. 
In reality, the causes of the high voltages that arise in static 
@lectrification all stem from the relationship: 


charge in coulomiss, and C is the capacitance in farads. Since 
the capacitances between charged objects and their surroundings 
may be very small, estos catomtaeine chara 

EE ; 


. AiScougivtheve ara rary mechariaic by OAs teesaeaaene 
can arise, undoubtedly the most common is that of contact 


in Electronics 


Static electricity causes lightning, and is used in photocopiers. It is an interesting. 
phenomenon which is not always well explained at school and university. 
John Linsley Hood explains what it is all about. 


electrons, it is probable that the actual poteritial differences: 
‘between contacting surfaces will not be high enough to cause. 
with the mechanisms involved in the generation of “static” in order: 
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electrification, and the major mechanism by which this happens .is 
that of transfer of electrons from one of the contacting surfaces to. 
the other. 

All materials contain electrons, although only in conductors or 
semiconductors is: free movement normally possible, The 
migration of electrons between contacting bodies is a concept 
which is familiar in the context of normal conductors, where 
electron mobility is high, and electron flow. can-be defined in 
relation to. the Fermi levels of the contacting materials. 

However, even in non-conducting materials, when two 
dissimilar surfaces are brought into contact, the differences: in the:.. 
contact potential between them can still cauise a limited flow-of 
electrons between one and.:the.other - even though the regions * 
involved may be. confined to the depth of afew molecular radii-on : 
either side of the contacting surfaces. 

“Inthe case of insulators; this charge transfer is possible...» 
because molecular deformations or surface contaminants will 
always be present; and will produce some mobile surface. 
electrons. Even superficially identical surfaces may:stil differ 


This is normally referred to, rather loosely, .as.“charge 
separation”; and is promoted by friction, pressure and heat... 

While itis true that physical contact is not always essential, 
even in-air at normalatmospheric pressure, for the. migration of 


Se ret cong enki ell ocr vlad aa 
surface to surface contact takes piace. a 
However, ‘on'a microscopic scale; ail surfaces will probably 
very irregular, and may look something like my sketch of figure : 
where the actual contact area will be very small, and the nt 
opportunities for charge transfer consequently relatively slight. 
the two surfaces are moved relatively to. one another while being 
held in contact (friction), the peaks on each surface will sweep . 
across the other, increasing a point contact to a line-contact,’ 
Further, if the pressure between the surfaces is increased:the: 
contact areas will increase as the points flatten out, as Thave = 
sketched in figure 2. If the surface temperature rises, perhaps. °.. 
simply as a result of frictional heating, the local electron mobility will 
increase and the rate.of transfer of charge. will be greater, Also, in 


Figure 1; typical nature of contact between surfaces 


Figure 2: increased surface contact due to pressure 


Figure 3: mechanism of charging by induction 


conductors; the electrons will simply: flow. back across the last 
remaining contacting bridge as the surfaces.come apart and the 
residual asymmetry in charge distribution will be very small. 
However, in insulators, this possibility of current flow. across the 
surface is very much less, and quite high voltages will occur as the 
two faces are separated, especially If their areas of contact have 
This effect can be seen when one ‘peels off.a strip of black PVC 
insulating tape in a dark room, when_a tine of bright sparks can be 


“geen at the place where the strip peels away. 


The longevity. of such electrostatically induced voltages is 
influenced both by the length of the path by which the charges 
may leak away, and by the degree of conductivity of the materials. 
Because of this, the effect of increasing surface temperature in. . 
Promoting electrification will be limited, in:the-end, by the resulting 
increase In conductivity of most insulating materials as their, 
temperature is increased. 5: 

The contact between an insulator and a‘metallic conducting 
surface provides a particularly effective opportunity for electronic 
charge transfer, and this is.a particular source of problems for the 
manufacturers and users of thin plastics films, especially if some 
form.of nubber ee eal een 
the roller in order to pull it through some. machine. © 

This situation is, or was, prone to give rise to some quite 
astonishing degrees of electrification:. Nowadays, most plastics 
packaging films are fairly.heavily larded with anti-static agents to 
make their surfaces conductive, so this problem is less acute, 
except where, as in capacitors; the films are still made from virgin 
polymers. 


Induced charge is the second major mechanism by which 
electrification occurs, and which is-seen in its most spectacular 
manifestation in thunder storms. If object A, as:in figure 3, is 
brought into proximity to a negatively charged object B, electrons 
or negatively Ghetged lone wi 06 apeled camy fan object 6. 
leaving A with an asymmetrical charge distribution.” 


« 


Now, if A is a water droplet within a cumulo-nimbus cloud, and 
Bis the strongly negatively charged base of the cloud, and if A is 


“fragmented (torn apart) by the strong updraught of air within the 


cloud, it is possible that the portion bearing the positive charge will 
be swept up by thousands of feet, Causing the lower part of the 
cloud-to become progressively more negatively charged, and the 
top or “anvil” of the thundercloud progressively more positively 
charged. Measurements suggest that the potential differences in 


“such’cloud formations can lie’in the range between 100 million 


and 1000 milion volts. 

The cloudbase lies a few thousand feet above the earth's 
surface - often less - while the cloud tops often exceed 30,000 
feet in altitude. Since the base of the cloud is therefore often closer 
to the surface of the earth than it is to its own top, flashover will 
normally occur to the earth. Measurements on these flashovers 


‘suggest currents peaking as high as 200,000 amperes, though 


levels around 50-500 A seem to be more common. These 
discharges tend to be oscillatory, and may be prolonged to. a’ 
duration of 0.5 second, in some cases, at decreasing current 
levels. 

‘The speed of the downward strike in which such lightning 
strikes are normally Initiated (except in the case of very tall ce 
buildings where a ‘ground leader’ may occur) is relatively slow, at > 
some 50 metres per microsecond, though the velocity of the 
highly visible return flash, up the strongly ionised core of the 
discharge path, may reach a third of the velocity of light. 

Both Wimshurst machines and Van der Graf generators rely on 
a: combination of induced charges on a moving carrier and the 
reduction of the capacity between the charged element and its 
surroundings to produce high output voltages. 

Common examples of charge generation by such mechanisms 
include those of dust carried about by air currents in flour mills and 
similar places; steam escaping from the funnels of rubber-tyred 
traction engines (for which a trailing earthing chain is essential, if 
only to:allow ‘small boys to hook it up out of contact with the 
ground, to the subsequent surprise of the driver); and in the 
handling of electrically non-conducting liquids such as oils or 
petrol; in which charges arise when they are poured from one 
container to another. Dangerous explosions occur all too 
frequently in these circumstances, when a spark discharge ignites 
the mixture of air and the inflammable vapour, and this has 
sometimes resulted in the destruction of oil tankers through 
explosions in their oil tanks, even when engaged on the apparently 
innocuous action of washing out the empty tanks with water. 


Charging by mobile ions 

This mechanism is not often found in the context of inadvertent 
electrification, but it can arise if previously uncharged objects:pass 3 
close to conductors carrying high electrical potentials, especially if... 3 
these have sharp edges or corners. 

This is because the electrostatic stress which arises on the 
surface of a conductor is proportional to the voltage and inversely 
proportional to the radius of curvature of the surface. If a voitage 
is applied to a conductor which terminates at a sharp point, the 
gas surrounding it may ionise if the electrical stress in the vicinity of 
the point exceeds the ionisation potential of the gas. Because the 
ions generated at the point willbe predominantly of the same 
polarity as the conductor, they will be repelled away from the point 
in the form of an ionic wind, and can charge ary conducting 
surface by which they are captured. 

This mechanism is employed deliberately, both to charge 
surfaces, as in Wimshurst and Van der Graf machines, anid also. to 
discharge them, as in a range of commercially available static 
eliminators. 
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“Hees ecw tierce ‘Sra bua, most commonly, in one or other 
of the forms shown in figure 4. In 4a, .two parailel rows of spikes, 
attached to a conducting bar, and mounted on either side of a 


typically of the onder of 15k, so that each electrode will generate 
an oppositely charged stream of ions. ‘The use of such high 
source voltages is necessitated by the consideration that 
corrosion, and the accurnulation.of conductive debris on the 
points of the electrodes, ‘will rapidly reduce their effective radius of 
curvature to a less useful value. In the simpler form shown in 
figure 4b, only a single row of spikes is used, mounted, as before, 
on a common connecting bar, which is insulated from its earthed 
protective outer case. This is fed from a high voltage AC source - 
typically in the range 7-10kV - in the:expectation that the ions so 
» generated will have moved sufficiently far away fromthe points of 
‘ the electrode that they will not be neutralised immediately by the 
oppositely charged ions. generated when the supply voltage. 
“.. swings to. anopposite-potential. 

in both cases, itis hoped that a mixed stream of positively 
and negatively charged ions wil be propelied toward the surface 
whose electrostatic potential the user: wants to discharge. Since 
~ the high voltages would provide’a hazard to operators, the power 
“supplies are arranged to have a very high output resistance, to 
- restrict the maximum Sa current flow to meh less than one 
~-milliamp. 


(fee opti! Gevicoa Fag eiaese erigiialy classéd es 
Insulated gate FETs, but now almost always described as “ -MOS” 


oo) Such: “408 devices’ wl nervy induce aniéderpaii tej at 
charges (electrons in the mode itustrated) for a: useful current flow 
en only some 2-3V is applied to'thé gate. ‘The breakdown of 
aepete layer iy then oer abovs'en applied potential in 
the range 10-40V. 

Since the breakdown voltage of this layer is a crucial factor in 
the reliability of the component, ‘Care must be taken to mitigate the 
increase in the ‘electrical stress at the edges of the gate electrode, 
Sen elle cai tiara se cae an 
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SUBSTRATE 


Figure 5: schematic construction of N-channel enhancement 
mosfet 


‘be chosen to simulate’a . 
‘ , the bottom of the gate 
rust be rounded or fattened to limit 


voltage which the anplied ts 


1 equation 1, this wil depend on the gate source 
which will be very much less in a small'signal _ 


oe 


“* device, ‘or a logic gate, where the input capacitances are only : 


of the order of a few tens of pF, than in the case of a.power 
mosfet,.in' which the gate- ong gene panes 
as 2- BNF 2 

~ Fortunately, itis cabeibt ernie drnatidebeaich bo 
tanto or ge oa, is rateable fom te potectn 
feria pete 3 yale aes ee 
voltage within 0.6V of the supply line potential, as shown in: . 
figure 6a, or as zener diodes, to set a permissible voltage 


eee ae re ene aa as shown in fe et 


figure 6b, 
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atarenibcibitinsing tate However, because. of the. large: 
gate capacitances involved, it is relatively difficult to damage’ 
paaveray Goa by he movemet oc oe 


at about 170V peak wth rpect o any other erthec objet, 
such:as, perhaps; the unlucky transistor! ‘ 
iis not however unveasonable to take the view of many 


‘is generally less than the effort and expense required to recall, 
TEE AS SER Oy Tepe RRO a. Weakonieny by stati 


Ba on Reese ts Groce reco 3 -by badly chosen layout 6r circuit configurations which have 
"on excess potentials applied to the gate allowed runaway HF oscillation. 
Aditi, factory assembly procedures will verse to 


the engineers who design the machines used for automatic. 
assembly, and where an understanding of how electrification -- 
occurs, should allow the design of processes which are 
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IQ Tester | 


t has been said that intelligence is that which 
enables people to get along without an education, 
while an education enables them to get along 
without intelligence. Be that as it may, psychologists 
and educators have long debated the nature of 
intelligence - whether it is something one is born with or acquires 
and, more particularly, how can it be measured. 

The Greek philosophers were the first people to consider 
this problem and Plato theorised that men were set apart from 
other animals by the possession of what he called “the soul". 
This, he said, was divided into three parts: appetite - such as 


hunger, thirst and so on; reason - deciding, for example, not to A person's intelligence is not simply of academic interest, 
eat poisoned food even though one might be hungry; and the however. It can also be important to an employer who wants to 
spirit - embracing such ideas as honour, propriety etc. The know that the prospective employee at an interview will be up to 
proportion of these in an individual determined how intelligent the job for which he or she has applied. Examination results and 
he was. He maintained that the proportion was determined by qualifications may be a guide to past performance, but will the 
birth, and since the upper classes were better endowed with candidate be able to adapt to changing methods or technology as 
the more noble portions than were the slaves, for example, it these come along and contribute something new to the position? 
was only natural that they should rule. Since it was “obvious” Unfortunately, depending on how the examination questions are 
which people possessed intelligence by virtue of their selected and marked, these may prove that a student has a good 
parentage, the question of testing conveniently did not arise. memory (but not necessarily that he or she understands subject), 
For the next few centuries, most people busied or that he had a bad cold on the day and was not at his best, or 

' themselves with finding something to eat while the more even that there are too many people passing in a given subject and 
intelligent fought and squabbled to determine who was more it is time to limit the numbers... but will not guarantee that the 
“intelligent” and should therefore rule and so not much more individual will be good at a job. Indeed, poor examination results 
was done in this field until the end of the 19th century when and lack of qualifications do not necessarily mean that a person will 
some people began to acknowledge that there were be unsuitable for a job - Einstein and Churchill were both failures at 
intelligent people among the “lower classes” of society and school. Similarly, a good degree in a particular subject will not 


began to look to physical guarantee that a person will be 
attributes such as strength, [i= : ee 1 good at a particular job. 

speed, colour of eyes, race Because of these 

and even the number of inconsistencies, on many courses 
protuberances on the head students are now also assessed 
to see if any of these were continuously. This is still far from 
a pointer to above average perfect and not only takes much 
intelligence. These theories longer to determine, but also 
were found to be flawed, suffers from being mainly 

but it was noted that people “knowledge based”, 

who were good at a task To try and get around this 
which required, say, “knowledge based” selection, IQ 
memory, could also be tests were devised and first used 
expected to do well at by the US Army in the First World 
another which involved, for War when they wanted to decide 
example, copying complex who was going to give the orders 
patterns. This led to dig trenches and who was 
psychologists to try to going to dig. At this time, there 
devise tests for determining was a sudden need for large 
intelligence on a more numbers of officers who would 
scientific basis. have to be recruited from people 
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who had had no experience of, or qualifications for, a job in the 
army and there was obviously no time to send everyone on a 
course to see if they could pass an exam. (Interestingly, the 
British Army, and to a certain extent the German and French 
Armies in this period seem to have adhered to Plato's view of 
intelligence to select their officers. History has documented the 
results). For similar reasons, more and more companies and 
colleges are giving IQ tests to prospective students and 
employees in an effort to select the most suitable candidates. 


Knowledge vs. concentration 

Nowadays, IQ tests usually consist of reasoning tasks presented 
in mathematical, verbal, visual and other formats to reflect the 
spread of special rental abilities. Many different tests have been 
devised but all of them tend to confuse knowledge with 
intelligence to a greater or lesser degree. A test set in English 
would obviously place someone with poor English at a severe 
disadvantage, while a question such as “Select the odd one out : 
Wilson, Macmillan, Constable, Eden and Heath” could be difficult 
for say a person of Chinese origin who may not be familiar with 
British Prime Ministers and painters but could easily answer the 
question if the list had consisted of Chinese leaders and artists. 

Today's tests are therefore carefully designed to test a 
subject’s ability, while avoiding as much as possible 
knowledge/culture-specific problems. They are, however, still 
time-consuming to perform and mark and do not overcome all 
the difficulties. But help may be on the way. 

Regular viewers of “Tomorrow's World” may remember, some 
time ago, a report on American research into the measurement of 
intelligence. A researcher noted that the work had shown a 
strong correlation between a person's ability to concentrate on a 
given task and their intelligence as measured by an IQ test. He 
then proceeded to demonstrate a PC programme which could 
provide the “task” to test the subject's intelligence. 

The program was quite simple, and showed two vertical lines 
on the monitor screen, one of which was slightly longer than the 
other. After a fraction of a second, the program made both lines 
the same length and the user was invited to press one of two 
keys on the keyboard to select which of the lines had been 
longer. After a suitably large number of attempts, a final score 
depending on the number of correct answers, was displayed on 
the screen. This, it was claimed, gave a measure of the subject's 
intelligence. 


OVO 


Figure 1; the circuit of the IQ tester 


PIC your brain 

Always on the lookout for good project ideas, | immediately saw 
this sledge hammer solution as a perfect candidate for pressing 
into use some LEDs and counter ics. When | began to think 
about it more seriously, | soon realised that | would need about 
seven or eight cmos or ttl chips to drive the LEDs and do the 
counting and decoding, and the thought of all that wiring and 
soldering made me decide that it was far more intelligent to use a 
computer after all - not the kind with a colour monitor and 2 
gigabytes of hard disk storage, but a single chip micro-controller. 
This could easily be programmed to control two strings of LEDs 
to make up the two lines and keep the score on a seven 
segment LED display, and two push button switches would 
replace the keyboard. 

| decided to base the circuit on a PIC16C54 cmos 
microcontroller which contains all the basic parts of a computer 
(alu, ram, power-on reset circuit, built-in clock generator etc.) 
including eprom program memory and 12 input/output lines 
which can drive LEDs direct, making it ideal for this application. 
The circuit diagram is shown in figure 1 and is quite 
straightforward. Apart from the chip, only the switches, LEDs and 
displays are required, together with a handful of current-limiting 
resistors and two capacitors. All the work is done by the micro- 
controller, which switches on each digit in turn while at the same 
time driving the display segments and LEDs and checking the 
status of the switches. ( A pre-programmed micro-controller is 
available from the author.) 

VR1, Ri and C1 form the clock oscillator circuit and control 
the speed with which the instructions are executed and the 
length of time for which the two LED columns are displayed. By 
varying VR1 therefore, the test may be made more or less 
difficult. 

The circuit draws about 40-50mA (at 5 volts) depending on = 
the score that is being displayed and can be powered from any 
supply in the range 3 to 5V. It is, therefore, possible to use two 
AA cells in series, although better performance would be 
achieved with the larger capacity C cells. In view of the rather 
large current consumption due to the LEDs, it is perhaps better 
to use rechargeable batteries, As nicad rechargeable batteries | 
have a voltage of 1.2V as opposed to 1.5V for non-rechargeable 
types, two nicad cells would provide only 2.4V, which would not 
be sufficient. It is, therefore, prudent to fit a 3 x AA or C battery | 
holder which would allow operation with either type of battery. j 


LEDS - LED13 
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Alternatively, a mains supply of the type used to power small the lowest profile components first, namely the resistors and links 


appliances could be used. A stabilised type is preferable but if followed by the LEDs and capacitors. Note that the board has 

you wish to build your own, a suitable circuit is given for mains been designed so that all the LEDs are mounted with their 

constructors in figure 2. cathodes towards the bottom edge of the board. All the 
components can be soldered directly to the PCB but an 18-pin 

Construction socket is recommended for IC1, which is a cmos device and all the 

Although the circuit could be built on a piece of stripboard, a far normal precautions should be taken when handling this ic. 

neater assembly can be realised using a printed circuit board (see No details are given on mounting the unit in a box as this will 

figure 3 for the component layout). All the components with the depend on personal preference. Any plastic box large enough to 

exception of the two push-button switches and the on/off switch house the circuit together with the batteries or mains supply will be 


are mounted on the PCB, along with the links which can be made suitable, provided there is sufficient space on the front panel! to 
from discarded component leads. Construction should begin with mount the printed circuit board (or at least the LEDs and displays), 
two pushbutton switches and an on/off switch. Ideally the 
pushbuttons should be mounted below the two LED columns so 
that there is no confusion about which switch corresponds to 
which column. A sloping front case would perhaps be most 
appropriate and provide maximum flexibility in the positioning of the 
displays and switches. If required, the display and LEDs could, of 
course, be mounted off the PCB but this would involve a lot more 
wiring and the possibility of errors. The connections for the LED 
display used are shown in figure 4 should this need to be done or if 
a different display is to be used. VR1 could also be replaced by a 
panel mounted component to allow the difficulty of the test to be 
varied, although it is probably better to leave this contro! out of 
sight of the subject. 

The LEDs used in the prototype were rectangular types which 
are slightly more expensive than the normal round types, but 
provide a better display with no “gaps” as would be the case with 
round types or the so-called bar graph arrays. Arrays do have the 
advantage of being easier to fit into a straight line and they are 
available in strips of 5. Brightness matching is also a problem which 
is not encountered with arrays, so if you are using discrete LEDs it 
is best to buy them all from one source or you may have to spend 
some time adjusting resistor values to get an even brightness along 
the whole column. 


SMALL HEATSINK 
LL 


230VAC 


Figure 2: a suitable power supply circuit for mains 
constructors 


The flowchart 
Figure 5 shows the flowchart which explains how the program 
works and is probably more important than the circuit diagram in 
understanding it. When the circuit is first switched on, the program 
SIIIIT oat goes through a routine which defines which lines will be inputs (AO 
fetal nay and A1) and which outputs, and initialises all the registers. The 
oo cs : score counter is set to zero and another register which keeps track 
TS fl poe a of the number of tries is set to 99 (decimal). The input AO is then 
read and if it is low {ie the switch is kept depressed when the unit is 
switched on), the lines A2 and AS are defined as outputs enabling 
the score counter displays to light. (Note that at power on when 
Figure 3: the component layout for the PCB the score is zero, the leading digit is suppressed so don’t worry 
when it does not light.) If the switch connected to input AO is not 
depressed, these two lines are defined as inputs, and since they 
are used to drive the digits, the score display is effectively blanked. 
This can be useful because it not only reduces current 
consumption but the display can be distracting. It is quite easy to 
keep watching the display to see if the correct button was pressed 
and if the score increased, and miss the next column display and 
not know which button to press next although this may add to the 
validity of the test by checking that the subject can concentrate 
despite distractions. Both these modes of operation are therefore 
available and may be selected by either keeping the switch S1 
depressed when the unit is switched on, or not doing so. 

Following the power-up procedure, the program now scans the 
display, switching on (or at least attempting to) each display in turn 
and then the LEDs as well as selecting which LED column to make 
Figure 4: the display pin-outs longer and checking to see if the switch connected to A1 has been 
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Figure 5: the flowchart for the IQ tester software 


depressed. {f it has not, the program remains in this loop constantly 
switching between the columns. Since this happens many 
hundreds of times a second, it is impossible to know which column 
will be chosen so that the final selection is to all intents and 
purposes random. 

When the switch connected to line A1 is depressed, the LEDs 
are switched off and when tt is released they are switched on again 
with one column longer than the other. This is the start of the 


program proper and is marked as such on the flowchart. After a 
short delay (determined by a subroutine and the clock frequency) 
all the LEDs are lit and the program waits for a pushbutton to be 
pressed. While it is waiting, the program continues displaying the 
score (assuming A2 and A3 are outputs) and selecting a column. 
When the pushbutton associated with the longer colurnn is 
pressed (AO corresponds to the left-hand column), the score 
counter is incremented and the counter recording the number of 
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tries is decremented, while if the other button is pressed only the 
“try” counter is decremented, 

For the more intelligent subjects who may think that they can 
achieve a higher score by pressing both buttons simultaneously, 
and actually manage to do this, the program is written to accept 
this as an incorrect answer and simply decrement the “try” counter, 

When the pushbutton is released, the program checks to see if 
the “try” counter has reached zero, indicating the end of the test. If 
it has, the lines A2 and A3 are made outputs (if they were not in 
this state already) and the program goes into a loop continuously 
displaying the final score until it is switched off. If the “try” counter is 
not zero, the program goes back to the start and displays another 
set of columns for another try. 

Initially the program was written as above, but there was one 
difficulty. It is well known that if you spin a coin enough times and 
call heads, on average you will be correct 50% of the time. The 
same is true of this tester, as there are only two pushbuttons to 
choose from and each time one of them must be correct and the 
other wrong. This means that even a chimpanzee which could not 
understand the rules, or continuously pressed one button, would 
achieve a score of about 50. To overcome this difficulty, each 
incorrect answer is made to decrement the score so that our 
chimp with a supposed low IQ, pressing the same button all the 
time, would get on average a score of zero or at least a low value, 
because on average there would be as many incorrect answers as 
correct ones. To prevent a negative score, which would not only be 
insulting presumably even to a chimp, but also a concept which 
would be difficult to visualise (not having the sense one was born 
with, perhaps), any score less than zero is rounded up to zero. 

The LED columns are organised so that the bottom LED in 
each column always lights. The column which has been selected 
to be longer is made either one, two or three LEDs longer than the 
short one, giving eight different possibilities. This has been done 
because otherwise the eye will tend to get used to where the split 
between the long and the short column occurs if one column is 
always made, say, one LED longer than the other, and focus only 
on the two LEDs involved. The other LEDs would not be observed 
and , in fact, would not even need to be fitted. The whole point of 
using columns instead of just two LEDs is to make the test harder 
and force the subject to concentrate more which he will have to do 
because he will never be sure how much longer one column will be 
with respect to the other. 


Does it work? 

IQ is measured by psychologists on a scale from 60 to 140 with a 
score less than about 80 representing the very dull, and over 120 
being very bright as shown in figure 6. According to this, half the 
population have an average intelligence which is represented by a 
score of between about 90 and 110, with a decreasing number of 
people as we move into the very bright and the very dull areas. 
Only some 2 percent belong to the MENSA level of very bright with 
a score of 130-plus. Interestingly, women tend to cluster around 
the average with fewer at the bottom or top. The peak intelligence 
of an individual is said to occur at around the age of twenty three 
{so | still have some way to go} but then gradually fades - so older 
may mean wiser, but not necessarily more intelligent. Another thing 
to remember is that an IQ number is simply a score and has no 
quantitative value. Thus a person with an !Q of 120 cannot be said 
to be twice as intelligent as one with a score of 60 and, in fact, the 
difference is said to be quite small. 

Concerning the validity of this particular test, | suppose one 
could argue that any person who can concentrate on a task, even 
one as pointless and mundane as deciding which of two columns 
of lights was longer, would stand a good change of concentrating 


AVERAGE 


DULL BRIGHT 


60 70 80 90 100 110 120 130 140 


Figure 6: conventional IQ distribution in the population 


on learning a skill or job and, therefore, become proficient at it 
faster than a person whose mind tended to wander off the subject. 
Whether this is “intelligence” or not is debatable, but the test 
certainly requires concentration, especially at the higher speeds, so 
if nothing else, it could be used to select people who could learn a 
new job easily from those who could take longer. To test this 
properly, one would need to have subjects with known IQs and 
compare their score with their IQ rating. For this reason it is also 
difficult to translate the score of 0-99 into the generally accepted 
one of 60-140 normally used to grade IQ but again, it should 
provide a guide. This could be a good project for a schoo! class 
where the results of such a test on the pupils could be compared 
to their examination results or indeed IQ scores if these are known. 

Having played with the device, | must say that | was most 
impressed with its accuracy and although modesty prevents me 
from revealing my score, | am prepared to divulge that it was in 
double figures - at least on the slower speeds. Suffice it to say that 
based on this, | will now seriously consider whether or not to 
decide about the possibility of thinking about sending off my 
application to MENSA, but perhaps | should build a 
microprocessor controlled decision maker first. But don't take my 
word for it, try it - its very simply to build and as addictive as some 
computer games (and probably a good deal less boring than 
some) and who knows, the next job you apply for may well include 
just such a test at the interview! 
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The Pre-programmed PIC micro- 
controller is available from the author for 
£9,50 including UK carriage. (Overseas 
orders please add £2.) Please send 
Postal orders/cheques/bankers draft in £ 
sterling together with your name and 
address stating clearly which project you 
are building, to: 


B. Trepak, 20 The Avenue, London W13 
8PH. (Mail order only) 
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Higher Education 


in electronics 


To conclude our short series on higher education in electronics, we look at courses 
with flexibility, including the American approach. 


ublicity in recent months about colleges that now 

choose students on the basis of their GCSE results, 

as well as A-level results, has given new emphasis to 

the importance of GCSEs, the “first round” of major 

school qualifications. In the past, A levels have been 
emphasised as the chief passport to higher education, but with so 
many students now taking A levels, colleges are resorting to a 
wider angle of view on their applicants’ educational histories, 
GCSEs are not so demanding or specialised as A levels, but they 
do provide a snapshot of the stucent's ability to handle a wider 
variety of subjects - for instance, it may interest a college if their 
prospective engineering or physics candidate also has a 
reasonable achievement in English or another modern language at 
a lower grade - something that A-level results alone would be 
unlikely to show, as science students are unlikely to have effort to 
spare to study languages at A-level as well as the necessary 
science subjects. Certainly, attempting to combine arts and 
sciences at A level is thwarted because it is beyond the resources 
of most schools, which find that allocating adequate timetable 
time “across disciplines” too difficult. Normally, only the biggest (or 
poshest) schools can offer much in the way of arts/science 
combinations at A level. 

And then - after “which GCSE” or “which A level” comes 
“which higher course’? It's become axiomatic that, if you are 
doing a degree course in a university or college with a strong 
reputation, it matters less which subject and options you study, 
because employers can rest assured (they hope) that you will have 
honed your ability to learn and to handle new material. But in a 
highly specific and practical subject like electronics, you will also 
need to choose a course that covers all the basic requirements of 
the discipline, and to choose a speciality (if applicable) that can be 
applied to the career you wish to follow. 

The question may be crucial to computer science students: 
whether to aim for a more theoretical and broad-based course, or 
to concentrate on learning the software languages that are 
currently in demand. While it is important to come away with 
some skills in languages and applications in current use, one of 
the sticking points for programmers is the ability to jump from a 
well-known language to a new one, Anyone who uses a 


spreadsheet or a CAD program will either have confronted the 
problem of “converting” to a new package, and knows the 
frustration and even fury that accompanies the new learning curve 
- or has that pleasure yet to come! In industry, it is the same on a 
larger scale, and a student who has already had some experience 
of transferring will be more attractive to high-tech employers. 

There is no doubt that there is currently a boom in jobs for IT 
experts and programmers that is likely to last into the new 
millennium - but the new millennium is only three years away, and 
change is the name of the game, so get the best theoretical 
grounding and the best in-depth experience of languages, 
applications and operating systems that you can find. 


Hull College 

Hull College’s proud boast is that they offer the largest range of 
further education courses in Humberside, full and part time. Hull is 
one of the breed of technically-oriented colleges that can provide 
education from GCSE level right up to degree level (in conjunction 
with the University of Hull), and also provides supporting options 
like Skillpower (number skills/communication/eaming skills/ife 
skills and computer skills) to prepare school leavers who have 
found their skills a little gappy for further study in NVQs and 
GNVQs, including technology and engineering options, and 
English as a Foreign Language (EFL) for students who do not 
have English as their first language and want to get their English 
up to speed. The four-year degree course in Chemistry, Applied 
Physics and Mechanical Engineering, Electronic Engineering and 
Computer Science is a four-year course, one year based at Hull 
College and three years based at Hull University, and is open to 
mature students without A-levels but with some career experience 
of engineering and physical sciences, as well as school leavers 
with GCSE and A-level qualifications. 

In Hull, the emphasis in Electronics is in the School of 
Electronics and Telecommunications, which encompasses 
Electronics Servicing at various levels, a Telecomms Technician 
Certificate and a National Certificate, National Diploma and Higher 
National Diploma in Electronics and Communications. The School 
of Electrical Engineering concentrates more on electrical 
installation and manufacture, but offers a National Certificate in 
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MSc/Diploma in 


Information Engineering 


This postgraduate course offers a set of integrated 
courses with a common theme in information 
acquisition and processing, systems and control 
with specialisations in Electronic Digital Systems 
and Communications, Control Engineering, 
Measurement and Instrumentation, Biomedical 
Computing, Instrumentation and Informatics. 


The course is taken 12 months full-time, or over 
24 months part-time, principally on a day release 
basis. A major feature of the MSc is an extended 

(5 months) project period. 


See hetp://www-eeie.city.ac.uk or telephone 
0171 477 8135 for further details. Department of 


Electrical, Electronic and Information Engineering. 


Teaching and research excellence in London 


Technology Education Index 


40 Wellington ington, Kent. BRS 4A 
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| VALVE CHARACTERISTIC | 
Tester 


Peter Kenyon’s valve tester assists in checking the essential characteristics of 
most types of electronic valve, and making up matched pairs. 


n Part 1 of this article [ETI issue 8 1997] we 
described the functions of the Valve Characteristic 
Tester. This month’s concluding part describes 
the construction and calibration of the Tester, and 
includes the Parts List and PCB 


Construction 

Before any components are installed on your pcb, it should be 
used as a template to mark out hole positions for the pots, 
LEDs and switches. You will need to make cut outs in the PCB 
at each side to accommodate the middle pillars of the 
Electromail box as used by the author, and also drill or ream 
out spindle holes so that parts of SW1 and SW7/VR7 can pass 
through the board. First, decide the exact position of the large 
rotary switch SW1. As the PCB is a close fit to the case, this is 
probably the trickiest operation in the mechanical construction. 
The wafers of the switch are mounted below the pcb (see 
figure 15). To retain the necessary stiffness of the switch 
assembly, the pillars and operating spindle pass through the 
board. Some extra “land” is available on the board for to allow 
room for the drilling. The exact position of these holes is not 
indicated on the pcb track layout, to allow some leeway for 
the constructor. As a guide, however, the hole can be 
approximately 1cm from the bottom edge of the pcb, but must 
not, of course, cut through or foul the tracks running nearby. 
Some space must be left between the end of the PCB and the 
wall of the box to allow connecting wires to pass through (or a 
slot filed out sufficient to allow the wires to pass). It is important 
that when the switch is fully assembled, the nuts should all be 
tight and secure for proper alignment of the rotors in the 
wafers. Another important consideration when deciding the 
switch position is to allow enough clearance for the wafer tags 
from the wall of the box. This type of diecast box has a taper, 
so that the base is narrower than the lid. As shown also in 
figure 15, the main pcb is below the valve socket pcb and, 
depending on their relative positions, the two boards overlap 
slightly. Near the centre of the main pcb are drilling positions 
for two 15mm stand off insulators or pillars. These are fitted 
during assembly, but are not strictly necessary once the rotary 
switch, SW2, SW3 and SW6 are wired and fitted. They do 
however reinforce the construction. 

With the spacings shown, enough space is allowed for the 
Maplin DPM module to fit between the lid and the main pcb. 
The module is mounted on 10mm stand off insulators which 
are glued with two-pack adhesive, such as Araldite, to the 
underside of the lid, 


A side view of the lid assembly showing the main PCB and 
DPM module in place. SW1 can be seen protruding below the 
lid and above the main PCB. 


The switch mode heater pcb (figure 14), once assembled, 
can be positioned inside the case with the transformers and 
C1 in order to find the best layout. Be sure to mount IC4, 012 
and |C5 at the same height above the pcb to enable easier 
alignment of the mounting holes in the side of the case. Note 
that L1 is secured to the pcb with a wire link. Since the switch 
portion of VR7 protrudes downwards into the case, allow for 
this when positioning T2. (Note also that VR7 is bolted to the 
pcb, while VR4, 5 and 6 are soldered.) Figure 15 shows a 
mechanical layout which makes for a straightforward 
construction. The fitting of some nuts and washers may require 
the extra dexterity afforded by a magnet or Blu-Tack on the 
end of a screwdriver. Before the small transformers are finally 
fitted, they must be fully wired and sleeved. 

The internal layout shown in figure 15 gave the author a 
front panel layout as shown in figure 9 and the photograph. A 
suggested drilling guide for the more critical positions is shown 
in figure 12, although needless to say constructors should 
check the actual positions of their components in relation to 
the front panel before putting drill to metal. 

The three valve sockets are available from PM Components 
Ltd. (see Parts List). Chassis punches are required for their 
mounting holes. The B7G is 16mm, the B9A 22.5mm and the 
International Octal is one and one-sixteenth inches. 

The valve socket pcb can be wired to the sockets most 
easily with single core hook-up pin 

wire. Solder a short length to each of the mounted sockets. 
lf they are all of a slightly different length, threading them 
through the pcb holes is made much easier. For the flying 
leads, use 13.5cm of flexible wire, passed through the box lid, 
sleeved and connected to a 2mm plug. 
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Figure 9: how the author laid out the front panel 


The main PCB 

Assemble the main pcb, beginning with low profile components 
and finishing with the large ones, Don't omit the links. Note that 
two of the links take + and -12 volts to IC7. They go from pads 
adjacent to C3 to pads adjacent to C34 and C35. The polarity 
is obviously important. 


Begin the 
construction of LED4 
and LDR1 by cutting a 
2cm length of Maplin low 
temperature heat shrink 
sleeving. Add a circular 
blob of Blu-Tack close to 
the body and around the 
leads of both LED4 and 
LDR1. Push both an 
equal distance into the 

heat shrink sleeve until 
they come into close 
contact. A hair-dryer 
directed evenly over the 
heat shrink will make a 
compact light proof unit, 
Connect a multi-meter 
on a high ohms range 
to the LDR to ensure 
that light is excluded. A 
reading of at least 1 megohm in ambient daylight will be 
adequate. Check the polarity of the LED then bend the leads 
at right angles for insertion into the board. VR1, VR2, VR4, 
VR5 and VR6 are soldered close up to the pcb while their 
spindles are fitted through the lid. This will ensure that no 
stress is placed on their pins and that the spindles will not 
bind. 

Assuming that you have fixed the position for SW1, the 
rotary switch, assemble the switch to the pcb with its pillars 
and install the upper wafer (sections a and b). These sections 
can now be wired to the track side of the pcb with ribbon 
cable. Note that the connections are numbered 1 to 6 on the 
component layout and, as you view the wafers from below, 
the tags are numbered in an anti-clockwise direction. Be sure 
to locate the correct traveller for each section. The 
connections between SW1d and switches SW5b and SW8b 
are hard wired; SWS and SW8 are conventionally mounted on 


A view of the internal layout and 
the rear of the main PCB. The 
main PCB has been trimmed to 
clear pillars and corner fixings in 
this case, and to allow wiring to 
pass the board at the lower edge. 
SW1 is mounted through the land 
along the bottom edge. 
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Figure 10: the DPM switch wiring 
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Resistors 
Ri 


R2, R16,R35, R37, 


R39, R53 


R3, R7, R25, R26, 
R27, R30, R34, R36, R38 


R4, R6 
R5 

R9, R57 
R10 
R14 


R12, R15, R18 
R13 

R14, R20, R51 
R17 

R19 

R21, R28 

R23 

R24 

R29 

R31, R33, R44 
R40, R56 


82k 

8k2 

910R 

2.2R 

4.7k 

NS119-MS51 Electromail 
596-141 


a 
1C2, C8. 


C3, IC9 E242 

Ic4 CT 

IC5 ae es 

iC6 wn 

1C7 ; 

1C10 solk 

IC11 TL431C ' 

Qi BUK454-600B 

Q2,Q6 BC550 

Q3 MJE350 

Q4 BC559 

Q5, Q7 BS170 

D1, D10, D11 1N4005 

D2, D4 6.2V zener 500mW 

D3, D21 9.1V zener 500mW 

D5 J511 4.7 mA constant current diode 
Electromail 

D6-9, D13-20 1N4148 Maplin UK63T 

D1i2 BYW80-150 

BR1-BR5 DFO6M 600V IA bridge Electromail 183-4034 

BR6 WO005G 50V 1.5A bridge 

L1 150uH 

Transformers 

T1 250V l00mA, 15V 1.5A, 6.3V 1.54 Maplin 
ST29G 

T2 9V + 9V 1.38A Maplin DH26D 

T3, T4 24V + 24V 6VA Electromail 804-931 

Switches 

SW1a,b,c,d 4-pole 6-way rotary switch, 
break before make 

SW2, SW3, SW5 dpdt 250V 2A toggle switch 

Sw4 spco signal switching toggle 

Swe6, Sws dpco signal switching toggle 

SW7 dpst switch (part of VR7) 

sw9 dpst 250V 1A toggle switch 


Miscellaneous hardware 

Case Die-cast box 222mm x 146mm x 106mm 
Electromail 225-265 

SK1 B7G valve socket 

SK2 _—CB9A valve socket 

SK3 10 International Octal socket 

DPM Maplin module GW01B 


SK1, 2 and 3 are from PM Components Ltd., Selectron 
House, Springhead Road, Gravesend, Kent DA11 8HD. 


Most other parts are available from Maplin Electronics 
PO Box 3, Rayleigh, Essex SS6 8LR tel 01792 554161, or 


Electromail, P O Box 33, Corby, Northants NN17 9EL Tel 


01536 405555. 
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Figure 11: connecting the power transformers 
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Figure 12: a front panel drilling guide 
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Figure 13: the main PCB component layout 


Figure 14: the heater regulator PCB component layout 
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{infinite resistance). If all is well, the switch mode heater board 
can be tested. Restore the case to main pcb earth 
connection. 

Rotate VR7 fully anti-clockwise to its “off” position. Fit a fuse 
to F52 and apply power. Adjust VR8 preset on the heater 
board for 1.4volts output voltage. Rotate VR7 to the “on” 
position and check that the output voltage can be adjusted 
between 4 volts and 20 volts (fully clockwise}. 

Rotate VR4, VR5 and VR6 fully anti-clockwise. With a 
multi- meter across D11, turn VR4 and check that up to 1 volt 
appears across D11. Likewise, VR5 should add up to | volt 
and VR6 should add up to 50 volts. 

Check the correct appearance of +12 volts and -12 volts at 
ICt, 1C6 and IC7 pins 8 and 4 respectively. Remove mains 
power before proceeding. 

Before applying the HT voltage to the board, it is advisable 
to remove the 8-pin ics from their sockets in case you have 
any accidental solder bridges. In any case, inspect your work 
carefully. The flying lead connections to Q1 must be sleeved 
and well insulated. 

Fit a 250mA fuse to FS1 and apply power. A voltage of 
about 350 volts should be present across C1 and, assuming 
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that you have removed the ics, no voltage should appear at 
the source of Q1. Remove mains power, insert the ics and 
check that the HT voltage can be varied between about 80 
volts and 300 volts when VR1 is rotated. With VR2 fully 
clockwise, Vg2 should be the same as Va, and should reduce 
as VR2 is rotated anti-clockwise, It should also track Va with a 
constant difference between the two voltages as previously 
explained. Note that LED2 will light when VR2 is fully 
clockwise. This is normal. 


The oscillator section 

If your multi-meter will reliably measure a 7KHz signal it can be 
used to set up the oscillator section. Set VR11 on the lid to 
mid-position and adjust VR9 preset for 100mV at pin 7 of IC6. 
An oscilloscope can be used alternatively for 283mV pk-pk at 
IC6 pin 7. 

With SW4 in the READ position, adjust VR3 preset for a 
reading of 0.00 on the DPM. Now switch SW4 to CAL and 
adjust VR10 for a reading of 10.00 on the DPM. If you have 
access to neither a high frequency multi-meter nor an 
oscilloscope, position VRQ and VR11 half way and adjust 
VR10 for a reading of 10.00 on the DPM, having first adjusted 
VR for Zero. It may be necessary to move VRQ one way or 
the other while adjusting VR10. 

When you are satisfied with your adjustments, the single 
wire connections from the pcb heater, cathode, control grid, 
screen grid, g3 and anode pads to the 2mm sockets cab be 
made. Thread a ferrite bead (Maplin LB62S) on each of these 
wires before soldering. 

Note that in addition to the eleven electrode connections, 
there are four extra 2mm sockets shown on the front panel. 
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Figure 15: a mechanical layout 


These are not connected and are used for those 2mm plugs 
left over when the pin assignments have been made or for 
valve internal connections, sometimes referred to as IC or ic. 

When double valves are tested, one cathode should be 
plugged to K and the other to g3, while the two control grids 
should be plugged to the two g1 sockets. The two sections 
are then tested individually by means of the a’/a” switch. For 
a single section valve this switch should be in the a’ position. 

An addition has been made to the Valve Characteristic 
Tester circuit since the schematics appeared in Part 1, due 
to the author’s interesting experience with a faulty valve 
under test. Two 1N4148 diodes, D22 and D023, have been 
inserted between pin 7 of IC6 and the O volt rail to protect 
the output of |C6a. These appear on the component layout 
(Figure 13) and the PCB, which appears this month, has 
been updated. 

In the author's suggested layout for the front panel (figure 
9), the O-1V pot should appear next to the panel meter and the 
0,50V pot at the top of the sequence. 


Reference 

Suitable reference sources for valve parameters include the 
‘Radio Valve Guide’ compiled by the staff of Wireless World 
(1949, with further editions), valve suppliers, and in some 
cases the manufacturers. The Radio Valve Guide is as far as 
we can ascertain out of print, but copies can sometimes be 
obtained from libraries or second hand bookshops (or 
borrowed - with care!}, The book service of Radio Bygones 
magazine (G C Arnold Partners, tel 01202 658474) can also 
provide reprints of some out of print valve data, plus much 
other information of interest to the real enthusiast. 
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n part one of this article [ETI issue 9 1997], | 
described three circuits which were designed to 
control the speed of small DC motors, 
specifically those which include a tachometer as 
part of their construction. 

My interest in this subject was aroused when | was given 
an ancient but magnificent reel-to-reel tape recorder whose 
capstan motor had burnt out. Replacing this motor with an 
exact equivalent would not have been easy, and in any case 
the original was intended for use in the United States and 
designed to provide the necessary constant speed by being 
driven synchronously with 60 Hz, the frequency of American 
mains. With Europe using 50 Hz mains, an exact equivalent 
motor for my tape recorder when used in England would 
lock to 50 Hz, and so run at only 5/6ths of its standard 
speed. 

Finding a tach-fitted DC motor with suitable power and 
of a size to fit into the available space in my tape recorder 
was not difficult, What was far from easy was finding a way 
to drive it at a speed which is nat only constant, but 
remains so under the varying load caused as the supply 
tape spool goes from full to empty. 

The final circuit described in the previous article locked 
the output frequency of the motor's tachometer to a 
standard frequency derived from a crystal. Even with that 
solution, the problem still remained that, while the circuit 
would provide a constant drive to a DC motor under varying 
loads, it could not easily be adapted to provide more than 
the single running speed of 7.5 inches of tape per second. 
The recorder would be of greater use if | could devise a 
constant drive circuit which also allowed the transport of 
tape at the standard speeds of 3.75 and 15 inches per 
second. 

There were other minor problems too. Comparing two 
close frequencies results in “beating”, and this new low 
frequency, together with mains-induced hum, can cause the 
motor speed to jitter somewhat. 
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In Part one, David Ponting’s final circuit provided a constant drive to a DC motor 
under varying loads, but only at one running speed: 7.5 inches of tape per second. 
This month he goes in search of 3.75 and 15 inches per second. 
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A different tachometer 

The motor | have described so far was one where the tach 
was simply a small AC generator which, as the speed of the 
motor varied, produced both varying frequency and peak-to- 
peak voltage. Another motor | found was fitted with a 
different kind of tach where a slotted disc rotates between 
an LED and a photo-transistor. As the slots and "teeth" 
alternately illuminate and cut off light to the transistor, pulses 
are produced and the frequency of the pulse-train is a 
measure of the speed of the motor. In fact, this tach outputs 
two wave-trains, each producing 500 pulses every 
revolution, or a frequency of 15,000 Hz at 1800 rpm, which 
is the required shaft speed to drive tape at 7.5 ips. For the 
other two speeds of 3.75 and 15 ips, the frequency of each 
wave train would be 7,500 and 30,000 Hz respectively. 

So here seemed to be a way to compare the frequency of 
one of these trains with that from a standard crystal clock 
divided down to 7,500 Hz.. At the slowest tape speed, | 
thought | would simply lock the two frequencies directly; for 
the centre speed, | would divide the 15,000 by 2 before 
comparing them and at the highest speed, divide the 30,600 
by 4 before comparison. But it does not work! 

The problem is that at these relatively high frequencies, 
the natural jitter of the motor (caused mainiy by hum and 
random friction) has a frequency about the same order as 
7,500 Hz. In consequence, the tach and the divided clock 
frequency lock together initially, but only milliseconds later, 
as soon as any jitter occurs, the lock is lost, and the motor 
speeds away out of control. 

However, dividing the motor's 7,500 by 2 and halving the 
clock speed before comparison means that jitter has to last 
twice as long before lock is broken. The result will still be 
very unstable, but less so than previously. Dividing both tach 
and clock again improves stability even more, and repeating 
this process results in the lock getting better and better. 

The question then becomes: how far can you take this 
division? 


| 
Ht 


Using the mains 
Let us look at this question when related to the other 
problem that | had encountered: instability related to mains 
hum. This | had had great difficulty in reducing, let alone 
eliminating. So, following the maxim “if you can’t beat ‘em, 
join 'em”, | reasoned that | could lose mains hum 
completely if | used the mains frequency as the standard 
clock. Of course that would mean | would have to find 
some way to divide 7,500 down to 50. And if | could, would 
there still be a good solid lock for division down as low as 
this? 

| also saw that even if this solution worked well, my tape 
recorder would be useless in North America, where the 
standard clock would be 60 Hz. Or was there some way to 
divide the 7,500 from the tach down to 50 in this country 
and to 60 in the United States? It all seemed as if it might 
become very complicated, particularly when division by 
factors other than 2 and 10 can involve considerable logic. 

But there are programmable divider chips and perhaps 
one of the more interesting is the cmos 4059. This is a 
divide-by-N counter where N can be any whole number 
between 3 and 15,999. It has 24 pins of which 19 
determine the divisor, the others being power, ground, 
clock-in, divided-clock-out and enable. 

Programming the 4059 can appear to be a highly 
daunting prospect, but fortunately for our purposes this can 
be greatly simplified 


Table one 
Mode Pin 14 Pin 13 Pin 11 
2 H H H 
4 L H H 
5 n L H 
8 L. L H 
10 H H L 


Table two 


First Digit 


Second Digit 


The first thing to decide (somewhat randomly) is what 
first divisor (called the MODE) shall be. The MODE can be 
4, 5, 8, or 10, and it is not a requirement that division of 
dividend by whatever MODE is chosen must leave no 
remainder. 

For simplicity, select a MODE which after dividing N by 
your choice produces a number below 2000 (together with 
a remainder, if there is one). The programming either High 
Low of pins 14, 13 and 11 determines the MODE. (See 
table one). 

An example may make things clearer. 

For some inexplicable reason, let us Suppose that we 
want to divide a frequency by 7863. 

First, select the MODE. Let us not choose 2, because 
the result will be greater than 2000. We can choose any of 
the others, so let our MODE be 5. From table one, we see 
that pins 14, 13 and 11 must be connected High, Low and 
High respectively for this MODE. 

To arrive at the connections for the other pins, we divide 
7863 by our MODE and get 1572, remainder 3. 

The programming of the remaining pins for the complete 
division is set out in table two. 

Note that if MODE 10 is chosen, it is possible that N/I0 
will result in a remainder of 8 or 9, However, the 
“Remainder” column in table two is limited to numbers 7 
and smaller. There are ways around this, but make life easy 
and choose another MODE. 

Five pins remain. The power pins are positive to 24 and 
ground to 12. For division, the ENABLE (Pin 2) must be held 
low. Provided the signal into Pin 1 (the clock input of the 
4059) is free from random noise and each pulse has only a 
single rising edge, the frequency of the output from Pin 23 
will be the clock signal divided by 7863. 

Unfortunately, the shape of the divided waveform 
emerging from Pin 23 is not at all satisfactory from our point 
of view. Figure one explains the problem. 
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Figure 1: problems with the waveform first emerging from Pin 23 
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Figure 2: the circuit 
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Figure 2a: the component layout 


type of ic socket that will not allow the pins to be pushed 
out, you can cut unwanted pins close to the body of the 
socket if you have a close-cutting pair of wire snips. Check 
that the pin stub is not shorting to anything. As this is a 
single-sided board, this should not pose a problem in this 
case, Make any adjustments before soldering the socket, 
and before fitting the ic.) 


How it works 

In general terms, the circuit follows the same lines as 
previously described circuits, but there are one or two things 
that perhaps need explanation. 

First of ali, programming IC2, the 4059. In my previous 
article | said that | might want to use my restored tape 
recorder in the United States. For this, | had to have some 
way of dividing the input down to both 50 Hz and 60 Hz, the 
mains frequency in America, Of course the motor would still 
output 7,500, 15,000 and 30,000 for the tape recorder’s 
three speeds, but two separate divisions by the 4059 would 
be required to accommodate the different mains frequencies. 

So let us repeat the process for a mains frequency of 60 
Hz, again working backwards. For the slowest speed the 
output of the 4040 had to be 60, its input therefore needed 
to be 120 Hz. So 7,500 had to be divided by some whole 
number resulting in 120. And this of course is the problem, 
because that divisor turns out to be 65 5. Oh dear! However, 
if | could double the frequency of the motor’s tach, so that 
the slowest output became 15,000, division in the 4059 
would be by the whole number 125 for an output of 120 into 
the 4040, 


As it happened, doubling the tach’s frequency was easy 
to achieve: 

As | mentioned above, the tach on my motor (in 
common with many motors having optical tachometers) 
outputs two separate pulse trains, but these are arranged 
to be exactly 90 degrees out of phase. The usual purpose 
for this is to allow the determination of both speed and 
direction-of-rotation of the motor. | was only going to use 
the motor rotating in one direction, so | could use both 
pulse trains to control the motor's speed. 

Figure three shows how inputting the two tach trains 
into an exclusive-nor gate results in a 50 percent duty- 
cycle pulse train with twice the frequency of the inputs. 

Referring back to the circuit diagram, the internal circuit 
of the tach requires a 5 volt supply and this is produced by 
RI and ZDI. R2 and R3 pull up the output pulse trains from 
5 volts to cmos level and Gate N2 “adds” them together. 
This output passes into Pin 1 of the 4059 via the low-pass 
filter, R5/C2. 

Now let us work out how the 4059 must be 
programmed for division to provide 100 for 50 Hz and 120 
for 60 Hz. 

The doubled output of the tach for the slowest tape 
speed of 3.75 ips is 15,000. So our divisors are 150 to get 
100, and 125 to get 120. 

Using the technique described above, we select a 
MODE, say 4. This has to be divided first into 0150 and 
then into 0125, considering both as 4 digit numbers. The 
results are 0037 remainder 2, and 0031 remainder 1. From 
table one above, MODE 4 is programmed by connecting 

Pin 14 Low, and Pins 13 and 11 High. 


_ : | Table Three gives the connections for the 
other pins. 


From Table 3, above, we can see that 
| only the four pins, 20, 21, 4 and 3, 


change in switching from division by 150 


to division by 125. Gate N3, R4 and the 
| ON/OFF switch, S!, form the simple logic 


allowing reversal of those four pins. 
The output from the 4059 is connected 


UU UT 


to Pin 10 of 1C3 which reshapes the 
| | pulses to a 50 percent duty-cycle, and 


TRUTH TABLE 


makes available at pins 9, 7 and 6 the 
further division of the pulse-train 
frequency by 2, 4 and 8 respectively. 


IF A AND B ARE BOTH 
OF FREQUENCY F, i i i 
sresicaiveor om IC4 is used here as the chip equivalent 
OF FREQUENCY 2F of a one-pole, three-way switch. (The 


same chip can be extended to two-pole, 
four-way, if required.} SW2, which 
switches the logic at Pins 9 and 10, 
determines which of the three inputs at 
Pins 12, 14 and 15 is routed to the output 


Figure 3: putting two pulse trains from a tachometer into an exclusive-NOR gate 


Table three 
Clock First Digit Second Digit Third Digit Fourth Digit Remainder Frequenc 
Piné6  - Pins 78910 Pins 15 16 17 18 Pins 19 20 21 22 ~Pins543 
0 0 3 7 2 
50 Hz kL: Leek LLHH LHHH LHL 
60 Hz ) @) 3 1 1 
L LLLL LLHH LLLH LLH 
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at Pin 13. (Pin 3 is the unused pole of the other internal 
switch, and, to prevent random switching, is tied to Pin 10.) 

The position of SW2 also determines the total resistance 
in the Pin +/Earth lead of the LM 317, a variable voltage 
regulator. If SWe is at its 3 75 position, Q3 is on, and so the 
total resistance is the value of P1. This is adjusted to 
provide an output from the LM 317 of about 9 volts. If SW2 
is at its 7 5 position, Q2 is on and Q3 is off, and so the total 
resistance from Pin 1 of the LM 317 to Earth is (PI + P2). P2 
is now adjusted to give an output of about 16 volts. In the 
last position of SW2, both Q2 and Q3 are off and the total 
resistance is (P| + P2 + P3). P3 is now adjusted to give an 
output of about 27 volts. 

Setting the three output voltages so that the motor locks 
reliably at each speed is quite critical. consequently all three 
potentiometers P1, P2 and P3 should be of the multi-turn 
type. 

Finally, a clean mains clock signal with an exact 50 
percent duty cycle is achieved by connecting the full-wave 
rectified but unsmoothed output of the bridge (at twice the 
mains frequency} to IC5, an LM 741 op-amp, configured as 
a comparator. The output of this chip is then divided by 2 in 
1C6, another 4040. 

The two frequencies from the divided tach and from the 
clock are compared in Gate N4 which switches the mosfet 
Q1. This in turn provides the motor with a pulse-width 
modulated drive, the width of the pulse varying as the 
loading on the motor changes. 

Diode DI is corinected directly across the motor and 
protects 71 by clamping to the positive rail the back EMF 
induced in the motor's windings every time it switches off. 
Diode D2 ensures that the momentary higher voltage on a 
charged C12 is blocked from the output of the LM 317 at 
the moment a slower tape speed is selected. 

The rest of the circuit around the motor is intended to 
reduce as far as possible the switching noise that is 
produced by all circuits of this type. 


Full circle 

In developing this final circuit | have come full-circle in my 
thinking: | started with a defunct capstan motor which was 
mains-locked to 60 Hz and although my original intention 
was to get away from a synchronous motor, | have ended 
up with its DC equivalent. 
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Figure 4: the circuit of a variable clock 
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Figure 4a: building the variable clock on Veroboard 


The major differences are the strong mains lock (hence a 
speed constancy of a very high order) and the torque 
potential of the motor in the circuit above. Both of these 
are much better than those of the tape-recorder’s original 
motor. In addition, three tape speeds (or indeed more) are 
available with my version as against one in the original. 

So having radically changed some of my early ideas, let me 
offer another small additional circuit which | intend to 
include in my tape-recorder, and which could be of interest 
to experimenters who may also want to use this circuit for 
other purposes. 

Figure four shows a circuit which can replace the mains 
frequency as the standard clock. 

Using the CMOS 4046 chip and a few additional 
components, it is possible to make a variable standard, 
The output from Pin 4 is a clean, 50 percent duty-cycle 
square-wave whose frequency can be varied from about 
30Hz to about 120Hz, (when the wiper of P4 will be joined 
to the 15 volt rail). 

When this output frequency is initially set to about 50Hz 
and is connected to Pin 12 of Gate 3 in figure two, the 
motor will lock to it. Its speed will then track the varying 
frequency as P4 is adjusted. This results in reasonably 
stable and constant speeds from about 800 to about 1100 
rom for the speed setting of 3.75 ips. It will give 
proportional speed variations at the other settings. 

Such a simple clock is not really good enough for normal 
use in a quality tape recorder, but it does allow the 
production of some interesting sound effects and will help 
in the re-recording of those irreplaceable cassettes and 
tapes which were made in some other machine whose 
batteries were running down. 

| hope that some of the ideas and circuits | have described 
in these articles will be of use to other experimenters, and | 
also hope that describing the mistakes | made in my early 
experiments will save others the time | spent in pursuing 
what turned out to be blind alleys. 
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Mock 
alarm 
flasher 


Keep thieves of balance with this handy fake alarm by Terry Balbirnie 


ar owners beware! One-quarter of all crime in 

the UK is directed at cars - either theft of the 

vehicle itself or of articles left inside. If you own 

an expensive model, or a popular one which 

can be readily sold on by a thief, then fitting a 
good quality alarm and immobiliser is definitely advised. If 
you live in a relatively low-crime area, your car does not fit 
into the above categories and you are careful not to leave 
valuable belongings lying around, this circuit could be a 
useful low-cost alternative for you. 


Only make believe 

The Mock Alarm Flasher circuit provides a reasonable level 
of protection by making a potential thief think that you have 
a car alarm fitted even when you don’t. It does this by 
making a red LED, mounted on the dashboard, flash like the 
one supplied with a real alarm. Of course, by using this 
device, there is no guarantee that the thief will leave your 
car alone. It does seem, however, that he is more likely to 
try his luck with another one where there appears to be no 
alarm, 


Keeping up appearances 
To decelve the criminal, any anti-theft device must look 
good, An LED hooked up to the cigarette lighter socket 
through a tatty piece of wire is a certain give-away. Not only 
does this circuit have a good appearance, but it will look 
unfamiliar. This means that the experienced thief, who 
knows the details of most commercial alarms, will be 
contused by this one and is more likely to leave the car 
alone. He has no idea how it might operate or whether 
there is an immobiliser involved. Anyone with access to a 
colour printer could enhance the deception by designing a 
professional-looking warning sticker to go on one of the 
windows. 
The circuit is unusual because the power supply is a 
single AA size alkaline cell. This avoids having to make 
connections to the car electrical system. Also, because the 
unit is self-contained it may be moved from one vehicle to 
another in a matter of seconds. The unit is tight enough to 
be held in position under the dashboard using two Velcro 
fixing pads. While driving along, the unit will be removed 


and placed out of the way. This is because, in the 
prototype, it was not considered worthwhile fitting an on-off 
switch on account of the extremely small operating current. 
If left in place, the flashing LED would be a dangerous 
distraction especially at night. Of course, such a switch 
could be fitted if desired, and this might be a good idea if 
the car is to be left standing for long periods in a locked 
garage. An on-off switch would also be needed if it was 
decided to mount the unit permanently in position. 

The cell should last for between 4 months and 1 year 
approximately depending on the circumstances of use. The 
lower figure will be applicable if the unit is left operating 
continuously. The higher one will apply if the circuit is used 
mainly in automatic mode (more will be said about this 
presently). The LED receives pulses of about 45mA which 
exceeds the maximum permitted continuous current and 
therefore produces maximum brightness. The LED is not 
damaged because of the very short on times. In fact, the 
average current is only 300UA (0.3mA) approximately. 


Selector switch 

To minimise the current requirement, the circuit has an 
alternative automatic mode. A switch on the side of the unit 
is used to select either “automatic” or “continuous” 
operation as required. In automatic mode, the LED will only 
operate when the ambient light has fallen below a certain 
preset level. It will therefore “arm” itself automatically at 
night. While under daylight conditions, and with the LED not 
flashing, the current requirement of the prototype is only 
3uA which may be regarded as negligible. In areas where 
much of the vehicle crime takes place during the day, the 
device should be switched to "continuous" although it is 
arguable whether the thief will notice the LED as he would 
at night. 

The light sensor used for automatic operation is mounted 
on the PCB with light reaching it through a small hole in the 
side of the case, There is no need for this to face a window 
- it will pick up sufficient illumination from its position under 
the dashboard. The light level at which the unit operates is 
adjustable and will be set at the end of construction. 

Readers will no doubt find alternative uses for this circuit. 
It could be used to locate any item which needs to be found 
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in the dark such as a hand lamp. Boat owners and anglers 
will no doubt find applications for it. Anyone wanting to 
reduce the size of the unit could use an "N” size cell or 
possibly one of the larger silver oxide batteries. There will, 
of course, be a consequent reduction in life. 


Little problem 

There is a fundamental problem in making an LED work 
from a 1.5V supply. This is because it requires 2V 
approximately before it will conduct! Making such a circuit 
operate from a single cell therefore seems to be 
impossible, However, with a little ingenuity, an LED can be 
made to flash using such a low voltage. The spin-off is 
that a flashing LED will attract attention more effectively 
than one which glows steadily. It also uses much less 
power because it can be arranged to be off for most of 
the time. The basis of such a circuit is a capacitor. If one 


of these were to be connected 
across a 1.5V cell for a short time 
then removed, the voltage of the cell 
would exist across it. If the capacitor 
were now connected in series with 
the cell in the correct sense, double 
the supply voltage (that is, the 
voltage across the capacitor plus that 
of the cell} would appear across the 
pair. Since this is now a 3V supply, it 
would be sufficient to operate an LED 
It would therefore light until the 
voltage across the capacitor fell 
below 0.5V (that is, the voltage 
across the pair reaching 2V). This 
method would work until the voltage 
of the cell fell below 1V which is 
usually regarded as the useful end- 
point anyway. 

The LED could be made to emit a 
series of flashes by repeating the 
procedure above. Obviously, it would 
be impractical to do this manually but 
there is an ic which is designed for 
the purpose. This consists of an 
oscillator (pulse generator) which operates by repeatedly 
charging and discharging a capacitor through internal 
circuitry. The internal details of this ic are actually quite 
complicated and no detailed explanation will be given 
here. It is sufficient to say that the capacitor used for the 
oscillator is also used to provide the voltage doubling 
effect. The end result is a series of short pulses of double 
battery voltage which are applied to the LED 


Circuit description 

Figure 1 shows the complete circuit for the Mock Alarm 
Flasher. The integrated circuit LED flasher is IC2. Disregard 
IC1 and associated components for the moment (this is 
the light-sensing section) and imagine |C2 pin 5 (supply 
input) is at positive supply voltage (nominally 1.5). 
Capacitor C2 connected between pins 1 and 8 on one 
hand and pin 2 on the other performs the 


Figure 1: the circuit of the Mock Flasher 
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oscillator/voltage doubling functions referred to above. 
LED1 is connected between pin 6 (anode) and 1 and 8 
(cathode). Note that no conventiona! series resistor is 
needed here since current-limiting takes place on the chip. 
In the prototype it was found that much better results were 
obtained by using a high brightness LED. 

The light sensor section operates in the following way. 
Operational amplifier |C1 is of a type chosen specially for 
its extremely small current requirement. Also, it will also 
work down to a supply voltage of 1V which is important 
for this application. The sensor itself consists of a 
miniature light-dependent resistor, LDR1. Note that the 
specified component could be replaced directly with a 
standard ORP12 type but more space would be needed 
inside the case. An LDR has a resistance which depends 
on the amount of light falling on its sensitive surface - as 
the light level rises, the resistance falls. When it is placed 
in near-dark conditions, it will have a resistance of 1MW or 
more. In position under the dashboard of the car and with 
light reaching it through a small hole, it will have a 
resistance of a few thousand ohms. 


Potential divider 
The LOR is connected in series with a fixed resistor, R1, 
and this forms the top arm of a potential divider. The lower 
arm comprises resistor R2 and preset potentiometer RV1 
connected as a variable resistor. The mid-point of the 
potential divider is connected to the inverting {-) input (pin 
2) of the op-amp. Thus, as the light level reaching the LDR 
is reduced, the voltage at pin 2 will fall. The non-inverting 
(+) input, pin 3, receives a fixed voltage equal to one-half 
that of the supply (nominally 0.75V) due to the potential 
divider consisting of equal-value resistors, R3 and R4. 
With suitable adjustment to RV1, the voltage at the 
inverting input will be greater than that at the non-inverting 
one during daylight hours but will fall below it at night. 
When this happens, the op-amp switches on and its 
output becomes high. This provides a power supply to IC2 
pin 5. 

The exact level of illumination at which the device 
switches on will be set by means of RV1 at the end of 
construction. The operating point will not change as the 


battery ages. This is because the voltages at both op-amp 
inputs are derived from potential dividers connected 
across the supply. Thus, as the supply voltage falls, both 
voltages will fall in sympathy and the relative conditions 
will be the same. R5, introduces a smal! amount of 
positive feedback which sharpens the switching action. 

For reasons which will not be entered into here, the 
operating current of the op-amp is programmable. By 
inter-connecting pins 7 and 8, it is set to require the 
minimum current - only a few microamps. Minimising the 
current is desirable in the interests of long battery life. 
Note also that all resistors in the potential dividers have 
very high values which, again, reduces the standing 
current. Even if the LDR is placed in bright light and RV1 is 
adjusted to a low value, the current will be limited by 
resistors R1 and R2 to 3uA approximately. 


Energy reserve 

With IC2 pin 5 high, the LED flashes. Since relatively high- 
current pulses are provided by pin 6, the input current will 
similarly pulse. To obtain this correctly using the specified 
Oop-amp, it is necessary to provide a reserve of charge 
using capacitor C1. This charges up while the LED is off 
and helps to provide the current for each flash. 

With the component values used here, the flash rate is 
about once per second with a fresh battery but this will fall 
somewhat with the voltage of the cell. With a supply of 1V, 
the flash rate will be roughly once every two seconds. 

When the contacts of switch SW1 are open, the circuit 
will operate as described above when the light level is 
sufficiently small. However, by closing the contacts it will 
operates in continuous mode. This is because resistor R3 
is now bypassed and this makes IC1 pin 3 (non-inverting 
input) high. It will therefore exceed the voltage at the 
inverting input (pin 2) whatever that voltage might be. The 
op-amp will therefore switch on and a supply to IC2 
established. To switch the circuit off completely, possibly 
because the unit is not going to be used for several 
weeks, it might be worthwhile removing the battery. 
Alternatively, the negative track from the battery holder 
could be broken at the PCB and a small switch connected 
between the ends. 


Figure 2; the component layout of the Mock Flasher 
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Construction 

It will be noted that everything, including the cell holder and 
switch, are mounted on the PCB. Begin by drilling the 
mounting hole and soldering the cell holder, switch and two ic 
sockets in position. The cell holder must be mounted with the 
negative end (having the spring connection) to the right. Note 
that the switch is of the right-angled type, and the tags at the 
corners are for mounting purposes only. Solder the resistors, 
including the preset, in position. Note that resistor R5 has a 
very high value, and this may not be readily available. If 
necessary, use three 10M units connected in series, zigzag 
fashion, instead. There is sufficient space between IC1 and the 
capacitors to accommodate them. Note that both capacitors 
are electrolytics and must be connected the right way round. 
The negative end is clearly marked. Solder LDR1 in position. 
Be careful; this component is easily damaged by excessive 
heat from the soldering iron. To avoid this, push the end wires 
through the holes so that it stands about 10mm above the 
PGB. Solder each lead while gripping it with fine-nose pliers 
between the LDR body and the PCB. This will provide a simple 
heat shunt and prevent excessive heat conducting along the 
wires to the device. Bend the leads gently so that the 
“window” points to the side, Bend the LED leads through right- 
angles close to the body. Solder them so that the device 
stands a few millimetres above the PCB again, taking care over 
the polarity. 


Making your mark 

Measure the positions of the switch, LED and LDR on the 
PCB. Make holes in the box to correspond with these. Allow 
for the switch lever to protrude through its hole only by a small 
amount. It will spoil the appearance and the project will look 
amateurish if it protrudes too far, The hole for the LDR should 
be drilled to a diameter of 4mm approximately. The hole for the 
LED should be large enough for the clip. By a process of trial 
and error, file the switch hole to the correct size so that it can 
be operated easily. Bend the LDR leads so that the body lies 
about Smm behind the hole. Insert the LED clip into its hole. In 
the prototype, it was found convenient to reduce the length of 
the clip slightly to provide more space. Place the PCB in its 
correct position and engage the LED with the clip bending the 
leads as necessary. When satisfied about the position, mark 
the case through the fixing hole. Drill this hole, then mount the 
PCB using a countersunk bolt with the nut on the inside of the 
box. Check that the switch can be operated easily and make 
adjustments as necessary. Measure the position of RV1 and 
drill a hole in the lid to correspond with its centre. This should 
be large enough to accept a small screwdriver or trimming 
tool so that the operating brightness level may be adjusted 
when the lid of the case is on. Adjust the preset to 
approximately two-thirds of its total clockwise rotation and 
switch SW1 on (for continuous operation). 


Checking it out 

Testing is simply a matter of checking that the circuit operates 

correctly. Insert a new AA cell into the holder and attach the lid 
of the case. The LED should begin flashing at about once per 

second. ; 

Test the automatic feature by switching SW1 off. Providing 
there is sufficient light reaching the LDR the LED will not flash. 
Cover the hole with a finger and note that flashing resumes. If 
this does not work, adjust RV1 and try again. It will be 
necessary to adjust RV1 for correct operation when the device 
has been attached in position under the dashboard. Note, 


however, that it should be adjusted to at least one half of its 
total clockwise rotation or “continuous” operation may be 
rather dim and slow. 

Chose a suitable position for the unit. The LED must be 
Clearly visible to any potential thief. In the prototype, Velcro 
fixing pads were used to hold the box in position, Make sure 
that the LDR receives some light even though this does not 
need to be bright. If too much light enters the hole, the circuit 
may not work properly. It may then be necessary to restrict the 
amount of light entering by partially covering the hole with 
black pvc tape. Note that, once working, the light will need to 
become a little brighter for it to switch off again - such is the 
action of the positive feedback applied to the op-amp. If this 
effect is too great, the value of resistor R5 should be increased, 
The cell should be replaced when the flashes become dim. 


Semiconductors 

Ic ICL7611 

Ic2 LM3909 

LED1 5mm red high brightness LEI 


Miscellaneous 
1 Miniature PCB mounting 
angled SPDT slide switch 
“size alkaline cell and PCB mounting ceil 
PCB; 2x 8-pin dil sockets; clip for LED 
yx size: 75 x 56 x 25 mm approximately; 
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resistor for R5 may be obtained 
“high voltage” resistor (order 
Electromail as a cermet film 
487. Alternatively, three 
ed in series to 
6. The LDR was 
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efore we turn to digital circuits we look at last 
month's problems. Circuit (a) really was a bad 
one, as its DC quiescent analyses made plain. 
A DC voltage analysis shows Vout = 7.33V. To 
allow maximum amplification the quiescent 
output must lie about midway between positive and 
negative rails, around 4.5V. Vout is far too high: The next 
step is to check the quiescent currents. Is any component 
on the point of melting? A simulator does not produce the 
‘expensive smell of burning’ which, on a real circuit, warns 
us that something is amiss. Under Probe nodes, set a 
probe to measure current:(it does not matter which 
component you select), and DC Quiescent will then display 
branch currents instead of node voltages. The resulting 
table shows that there is no current. likely to destroy the 
components but a collector. current of 42.8mA is: 
unnecessarily high. Finally, try a Transient analysis of Vout 
at, say, 1kHz (figure. 1). This was a pure sine: wave before it 
went through the amplifier, but now is quite different. And, 
speaking of amplification, the input-signal has.1V amplitude 
but the amplitude of the output signal is only 0.364V. 
Distortion and signal attenuation combined make this a bad 
amplifier. What can we do about it? 22 
If we decide on 2mA as a suitable collector current, and 
require a drop of 4.5V across Rt to place the quiescent 
signal midway between the power rails, the. value of R41 
should be about 4.5V/2mA = 2250 ohms. Replacing 39 
ohms with 2.2 kilohms alters voltages elsewhere inthe circuit 
but the final value of Rishould be somewhere in this region. ff 
this was a breadboarded circuit, we might put a 25k pat in 


vet eameinetabiy niclent} 
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Figure 1: the output from last month’s problem amplifier. The 
signal began as a pure 1kHz sine wave, amplitude 1V 
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Circuit simulation with software, by Owen Bishop. This month, part 4 - Going digital. 
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place of Ri and: rotate it through its range while measuring 
the collector voltage with a:multimeter. In this. simulator we do 
a similar thing by sweeping R1 from. 1k to 2.5k:and plotting a 
Quiescent sweep of Vout (figure 2). We-are also plotting the 
current through Rt; but multiply the result by 1000 before 
plotting, to bring it on to the same scale. The two are 
proportional so the curves are parallel. The:cross-hairs show 
Vout = 4:5V when N=13.319. N is a hypothetical sample 
number based ona total sample of 100. In Tolerances and 
Temp, to save time, we took only five samples. To convert N 
to an actual resistor value, calculate: 


v = Start + N/100 x Range 


Here. Start = 1 kilohm:and range = 1.5 kilohm so, in kilohm, v 
=°1'+.13.319/100 0 1.6 = 1.2 kilohm: This would be a 
Suitable value for Rl -were it not for the fact that the 
corresponding current is: 3.8mA. Obviously the transistor. is 
saturated or nearly so; we must reduce the base’ current. The 
BC548 is a high-gain transistor; gainis quoted in various 
tables as ‘less, than 520 at 2MA’ and’'110 to 800": Since we 
are using a Spice model (supplied: by Zetex Pic), we'can 
Explode the netlist and look for the value:of BF, the forward 
voltage gain, which is. seen to be.400. If collector current is to 
be 2mA, then’ base’current should be 2miA/400 = SuA, tf R3 
= Ik/and emitter currentJs (very close to) 2mA,emitter 
voltage is 2V; Base voltage should be'2 + 0.6°= 2.6V. The 
drop across R2 is to-be 4.6 -2.6.= 1,.9Vand (with.5uA of 
current), R2.=.1.9/5uA = 380 kilohm: Make it 390k;then 
repeat the Quiescent sweep. Now we have to increase: the 


Figure 2: a Quiescent sweep shows how Vout and the collector 
current vary as R1 is swept from 1k to 2.5k 
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Figure 3: voltage levels in the precision voltage regulator as Vin 
is swept up from zero to 10V 
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ly of a 2-column list of times:and logic 
‘Hidicating that we are using binary values. - 
ple has only a 2-bit output (bit 1: bit 0) but BUS” 
orécan produce up to 8 bits. Although the file is 
© repeat, it is really intended for a Single run. It 
p short (10ns) high:pulses.on: bit.1, This is justa 
to the sequence; intended to kick the flip-flop to- 
lop into one of its stable states. If we begin with #00, 
ulator can not find either state, since the gates 
e real on-chip gates) are identical. This is a problem 
symmetrical oscillating circuits, especially those like ; feet 
whi have feedback. The: aeciod components : Bae a 


ould display the results as nauk of superimposed 
6 in the usual way, but SpiceAge has’ ‘a logic probe 
y which plots logic levels separately. ‘instead of on one 
‘Go-ordinates (figure 5). Here we see the initial kick on 
tialiging ‘the flip-flop with q high and q/ (q-bar) low. 
'§@:10uUs period with both inputs low, the norma! 
situation. At 10us a high pulse on Vina sets the flip- 
‘make q low and q/ high. A second high pulse on the 
no effect, but a high pulse on the other line 
ip-flop revert to its original state. 


Figure 5: 


elementary logic functions (NOT, AND, OR, NAND, 

@-OR, ...) are available as ready-made tibrary files. 

yin turn cani’be built up into more complicated D-type.” 
“type flip-flops. Carrying this process further, these. 

used to build counters, registers, and other 

scale logic devices. Figure 6 is the circuit of a 2- 

: binary ripple counter made from two J-K flip-flops. 

flops are library files (7472.lib) which simulate the _ 

ies with emos circuitry: . 


_240u #110 


ae 


ite Con) dleart, clear2.-F 


jock “olock mi :gnd nha p3:cleart —p4:clear2 gsr ig 
7472, q\:b k:pos j:pos ck:a pr\:pos clr\:clearl +v:pos. .-gnd:GND. 
2. 7472..q\:6 k:pos j:pos ck:b pri:pos clr\:clear2 ..¢v:pos. gnd;GND_ ' 

fie: foes wo now reset, so Todes 5 AES 


7 displays the output from the counter. Once-again the arelow. From 20us onward, the clock alternates between high and 
s.do not settle to a stable state after switch-on without low, taking the: ee binary counts 0 to 7, and repeating. 


CLEAR input low then making it high, It is the « Problem - ; 
sition that clears it, not just applying a high level, andthe Pinot caceabebas a.phon bules et every tout cours 
cinput must be low when this is done. Arranging for this 60 and'c=0), we can wire a 2-input NOR gate to nodes b and ¢ 

3s some thought; one way of doing it is shown in the : and take: the output from that gate. Tr it on a simulator or ae 
> j ee ere eon Daere hee 


(BUS BIT 0} 


BUS BIT 2 


BUS BIT 1 


' Figure 6: a binary counter built from two J-K flip-flops 
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Practically Speak 


BY TERRY BALBIRNIE 
This month we look at the use of light emitting diodes 


his month we continue looking at 
some of the calculations used when 
developing and testing electronic 
circuits. This part is devoted to the use 
of light-emitting diodes, 


Better all round 

A light-emitting diode (LED) is often used as an 
indicator light or status indicator. It has the 
advantage of needing a smaller current than a 
filament lamp, is generally smaller, remains cool in 
operation and is much more reliable. Moreover, it 
can be bought in various colours; shapes and 
sizes. 

As a rule, a light-emitting diode must not be 
connected directly across the power supply. If it 
was, an excessive current would flow and it would 
be destroyed. A resistor must be connected in 


series with it to limit the current to a safe working Measuring voltage across a resistor 
value. There are one or two exceptions and these will be 
explained presently. | = V/R = 4/470 = 0.0085A or 8.5mA. 

If the LED is red, orange, yellow or green (the most 
common colours) then, while operating, there will be between This would be satisfactory for a red LED but perhaps not for 
1.8V and 2.2V across it. This is called the forward voltage other colours. In this case, the value of R would need to be re- 


drop. When calculating the value of the current-limiting resistor, calculated for as current of, say, 10mMA. You would then need to 
this will need to be taken into account. For ease of calculation, check that it did not exceed 40mA when the battery was new. 


it is usually taken to be 2V. You must first decide what It should now be clear why an LED will not operate from a 
operating current is to be used. With most LEDs, adequate supply less than 2V - the necessary 2V could not exist across it. 
brightness will be obtained with about 5mA to 25mA for a red 
one and between 10mA and 40mA for yellow, orange and The biues 
green. The LED will be destroyed with much more current than Blue LEDs are now freely available although they were a very 
this. expensive item only a few years ago. Even so, they are still 
more costly than red, yellow and green types. Blue LEDs have a 
Ohm’s Law much higher forward voltage drop, about 3V in practice, so the 
For the sake of the following calculation, let us assume that the — supply voltage must exceed this. When using Ohm's Law to 
operating current is to be 15mA. You now need to know the find the value of the series resistor needed, this increased 
voltage of the supply. Suppose it is 9V. There will therefore be forward voltage drop must be taken into account. Blue LEDs 
(9 - 2)V or 7V appearing across the resistor. Since the resistor generally need between 20mA and 40mA to provide a good 
and the LED are in series, the same current will flow through light output. 
each. Applying Ohm's Law, as discussed in our last Some LEDs have a series resistor connected internally to 
installment, to find the value of the resistor, gives: save the trouble of using an external one. This is useful for 
specific purposes but these LEDs have limited experimental use 
R = V/A = 7/0.015 = 467 ohms because the fixed value of the internal resistor makes them 
suitable for only a small range of voltages. The most common 
So, depending on the type of circuit, we round up or down to are 5V and 12V types. Some LEDs have an additional section 
the nearest available value, say, 470 ohms. which limits the current over a wide range of voltages. Thus, the 
If the supply voltage falls, as when the battery ages, you will | correct working current flows when it is connected to any 
need to check that an adequate current flows when this supply between, say, 3V and 12. Again, no series resistor is 
reaches its useful end point. Suppose it is 6V. The voltage needed. This type of device is not available from all suppliers 
across the resistor will now be only 4V. Ohm's Law is applied and is more expensive than the standard type. One of these 
again, but this time to find the current using the resistor value would be useful when the indicator needs to glow at a steady 
decided on above: brightness despite wide variations in supply voltage. 
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business rivals who are quite good at taking 
care of themselves? Today, desktop PCs are 
the world's most popular computer, and 
Apple Computer has been struggling. And 
Oracle's massive database business is 
second only to Microsoft in the world 
software development market. Mr. Ellison was 
seen at one demonstration allowing a 
personal computer to tumble to the floor, 
apparently to make the point that network 
computers, sharing each other's resources, 
not personal computers, were the future. At 
least he didn't have one dropping from a 
second-floor window into a skip - yet. 

But now Larry Ellison and Bill Gates of 
Microsoft are associating themselves with 
Apple, a rival but a trailing one. It's been 
reported that Larry Ellison believes that Apple 
software, which has led the way in developing 
front-end graphical interfaces for software 
users, is the nght approach for the network 
computer that he is developing. 

Meanwhile, Bill Gates still does good 
business providing software for Apple 
customers, particularly Mac users. Apple 
may be a niche company compared to 
Microsoft, but it is a niche that has provided 
some highly popular innovations over the 
years, and commands strong loyalty from its 


b who works with 
phics. 
is always been one of 
bmputing, and even 
id to admit that the 
e right software and 
les without too much 
e the adjacent PCs were 
bm the Macs. This was 
user demand: Mac users tend 
ers, and they know they have to 
‘om diverse sources. 
eanwhile, Microsoft also has a firm eye on 
ie network market. Already closely associated 
with Internet software, Gates of all people 
knows that the isolated computer will surely 
and with increasing swiftness be out-evolved 
by networks, whether wired peer-to-peer 
networks, the modem-linked Internet, or 
platform-independent, Java-driven client/server 
“intranets”. Computer will speak to computer. 

We have already heard this year that the 
Labour Government is committed to connecting 
up British schools to the Internet at favourable 
rates to prepare children for the future. It looks 
as though parents of certain 15-year-olds who 
want to know why the family computer (the one 
you fondly thought was yours} isn't yet on the 
Internet will soon be able to argue “Don’t you 
get enough of that at school?” 

But this is not just business, and not just a 
game. The implication for everyone out there 
is that ET] readers, our families, our 
descendants, and possibly our grannies too, 
will in 10 years’ time quite likely be doing a 
large part of our shopping, work and 
business on one machine talking to another 
machine. And converting from one program 
to another, and one format to another, is one 
of the big sticking points for computer users. 
The more the current leaders now can co- 
ordinate their efforts, and their formats, into 
one universal system, the better the chance 
they have of capturing and keeping this world 
market. And of out-evolving any challengers. 
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